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Abstract: Arbuscular mycorrhizal (AM) fungi are obligate symbiotic fungi of plants. They can
establish symbiosis with most terrestrial plants and play an important role in plant nutrient
absorption, tolerance of adverse environments, and maintenance of ecological balance and plant
diversity. To reveal the status of AM fungal research, CiteSpace software was used to visually
analyze the keywords, countries, institutions, journals, core literature and core authors associated
with literature indexed in the Web of Science and CNKI databases from 1990 to 2020. Our results
show that the number of publications in this field is constantly increasing. The United States hold
the highest number of publications and the greatest prominence, and China ranks second in
number of publications. Among international research institutions, the Spanish National Research
Council (CSIC) wins the highest reputation, while the Chinese Academy of Sciences publishes the
greatest number of publications. Co-citation, keyword burst and cluster analysis of the core
literature show that the research field of AM fungi is expanding and the research depth degree is
increasing. Since the 1990s, novel species descriptions and classification systems are largely
changed and amended, and culture techniques are improved. A considerable number of resource
banks, herbaria or culture collections are established in various countries. Inoculation experiments
and evaluation of inoculation results gradually develop. In recent years, key words concerning
aggravated environmental changes caused by heavy metal pollution, drought stress, and salt stress
and plant repair continue to increase. The molecular mechanisms of AM fungal symbiosis and
interactions of AM fungi with other microorganisms have also become hot research topics.
Keywords: CiteSpace; AM fungi, bibliometrics; visual analysis; knowledge map

MA R M (arbuscular mycorrhizal, AM)ELE
JERFER W] Glomeromycotina 1 K # & 1 3t
H: EL T (Spatafora et al. 2016), %5 +I3ERAY)
BAYIREE 50% (Prasad ef al. 2017). b iEdE
Fl DNA JP95rHriflr AM HEEE T 4.0-4.6
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2008 ; Schiifler & Walker 2011; Prasad et al.

2020).
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Connolly 2013). AM EL [ iz P& K 1Y 1 22 0 2%
W HE ) R B A AM B K 43 R 5 5% 4 3 ) T B
P22 vb ) A B AR o e E AW, 18 FAE

EFiR 803



EhR F /BT CiteSpace RIFRIMEERERIT30FHAFTSHE D

Research paper

YIS ik 20% 000 E 7 R 4y AM LA
(Karandashov & Bucher 2005), AM H.p& 34 R
AREA i T AR A RIS L3 R B 5 0 Y
M it (Marschner & Dell 1994; [FRHFHFSE 2009;
Zavalloni et al. 2012; Chen et al. 2020; Jiang et
al. 2021); EHEZEM T 5 (Nouri et al. 2020; Liu
et al. 2021), £:4r(Porcel et al. 2012; Navarro et
al. 2014; Krishnamoorthy et al. 2016). JiH E
K FEFNER B 2007; Bagy et al. 2019)F1H
&8 (F R REFMICTE 2007; Riaz et al. 2021)%%
PRS2 X5 15 AW RO 2R, T ELR AR R
5. BETE AW AR RS R ) 4 R AR
A (Zavalloni et al. 2012; Wang et al. 2017;
Chen et al. 2020),

br b AM EREFTERELED 3 BB
19 22 g% 20 22 0], HFFEEHT AM HR K
OYEVME . R RGN T AR L
firs 20 tEZ2w3) 21 H42W), DB HTH: H AM
FL SR AL, AR R AR AR 8 ST 1 53
KRGWHBERR; 21 ek, »TFAaY+#
BERM LIS EE, 1 AM B S 5
KIEA TRKELERE, R A—irke, 2
ARG — KRR G, WIFITHH AM H
PRI B — 2 ) Z2 2SR TR b (9 AR o . S 2
PR AR A AR AR A R CEHSCEF 20005 Sharma
& Sharma 2016; Hidri et al. 2019), WFFE FE
W i) A& GUGE A, R AL A U P R IE Y
H & F)H (Rocha et al. 2019; Paskovic et al.
2021) A S AR FE %] 5 R (Porcel e al. 2012;
Navarro et al. 2014 ; Krishnamoorthy et al.
2016), + 5 (Subramanian et al. 2006; Chitarra
etal. 2016; Liu et al. 2021)55 /130 855 A4 i 32
I U AM L I 0 B 4 S S TS e o Y
W B Al (AR 4 20025 Wang et al. 2017),
AM HEME EL ARSI T AM
L TR XS AN [A)AE ) (B 48 AR AR ) A i AE ) ) B
]2 R HUBFFE(Ren et al. 2017; Cheng et al. 2019;
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Lietal. 2019; Dong et al. 2021), FEHN AM H[F
WA, (HiE 30 Aok ke, IR
— SRR AR R .

A B 5%z F SC R B A W] Ak g RO
CiteSpace X 19902020 4F H [ HI{R FLft % s 1
#£ (China National Knowledge Infrastructure,
CNKI) A% 0> B i P2 W5 i H SCSCHR AT Web of
Science (WOS)H% Lo HE WS SF 14 98 SCSCRPES T 4E 11
i FMIMEDES . 5 SR SE5 R 51t
g3, WIS, e Tk
35 B 30 Aok [F A AM ELEBTSUHEAL . A
o e . B RS | B9 XU ALY
O3« R DAERE R T ARG DL S T T A AT T
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L1 HHERIR

ASCHET AM HE AT, ] WOS 5
CNKI 33 1 Sy 5 SO SCSCRRAIE ST Bcdl o AR
SCIE3CHRT “MRIAMRIEE" XA TR/
WHESCHE, gl R TS=(“Arbuscular
mycorrhizal fung*” OR AMF OR “AM fungi” OR
“mycorrhizal network®” OR “arbuscular
mycorrhiza” OR “vesicular-arbuscular mycorrhiza”
OR  “V-A mycorrhizal fung*”) OR TI=
(“Arbuscular mycorrhizal fung*” OR AMF OR
“AM fungi” OR “mycorrhizal network*” OR
“arbuscular mycorrhiza” OR “vesicular-arbuscular
mycorrhiza” OR “V-A mycorrhizal fung*”) OR
AB=(“Arbuscular mycorrhizal fung*” OR AMF
OR “AM fungi” OR “mycorrhizal network*” OR
“arbuscular mycorrhiza” OR “vesicular-arbuscular
mycorrhiza” OR “V-A mycorrhizal fung*”), 3Ciik
RKRIVEPE “Article” 1 “Review” , &R
19902020 4 AM I i fiff 5 A8 e 2 114 Sk
16 141 55 (K& mHE] S 2021 4F 5 H 20 H), @it
CiteSpace H 77 i 3CHR L E N REZS & T sh AR T
KICHRAITTIE, X SCHRIEATR M, L4531 5 i
SCHk 13 531 ol T CNKIT i 5 1 1A



H5RieX

22 May 2022, 41(5): 802-818

Mycosystema ISSN1672-6472 CN11-5180/Q

Z, BRA—, HEFRER AM HREF5E T
J&, ¥ B ISE BB 48 /N = AR O S b R
225 | SR (CSCDRIE AT, fKHE AM LA
TE CNKI AR S, 76 £l ZRAE %
EREREAN: SU= "B ILH OR SU= ‘M
Fi#AR> OR SU= ‘AM EH’ ORSU= ‘AMF’
OR SU= ‘VA AR EE OR SU= ‘i 2E- M
HRELH OR AB= ‘I OR AB= ‘M
i’ OR AB= ‘AM HF' ORAB= ‘AMF’
OR AB= ‘VA HREF’  ORAB= ‘yI#-MAiH
HE ORAB= ‘MMIRAMRILF ORKY= ‘A
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ORKY= ‘VA HHER’" ORKY= ‘JFE-AEpH
WER . BHEESE 1990-2020 4F, Kbk ZR4E
B 2705 4~ WRGREERIE, MBRILEKH,
AR SO 2 234 F
1.2 #MRFE

CiteSpace HITR KR i 58 E 18 2 /R K2#
BRI &, RSN EHRE SO T
HEMIBTERAR, JFER e . B AE
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B B 5] SCAT AR S BT B (2R 2AS I e 5
20165 RIEMXZF5E 2019), ZHAEALAE EW
JEOR AT AR AR AL 8 5 KON, 8
FISE R AN [ A S REE RS, 43 B AH DG S0 A 92 S
LINEOE 8 N T e oo N U e Y S W S R
TEOL, M E N ) AR E A T H 2
—(BLBREE 2018; RyEFIX|2:5FE 2019), AL
f&Bh CiteSpace 5.8.R3 MUASEK I 1Y & AF W 45 3L
B RS e, X AM ELRE AR5 4T,
N 1990-2020 4F 1 SCERIEAT 43471 I 22 il AH L A1
TR SRR I T T SR (R
1.3 HIENE

iz | Origin 8.0 43512 il 4 & & Sk £ Fifi if
[ 725 AL AE AR o 35 CiteSpace B 14F &l
A A 5 B 16 42 19902020 4%, BFIR] Y] A 1 4F,
WA AEREER . MU IRgs I BT G

Ve . el | SOk R OC s, BIfE & N Top
N=50 per slice, BIHEEER N EIY) A HhHEATT 50
BTG, et 42 245 55 1 (pathfinder network
scaling)Xf W& #1759 51655 . MRIER T &
4 ) 3 B IR 2 A0 ] (cluster view) B 3 B AR K]
(co-occurrence view). ISR X EI SR
PL(LLR) AT R K w44 - B MO A B 5
L R B GR AR RS L AR . R
RO B (centrality) A1 [H] Ji2 P4 (silhouette) 55 5 b Xt
MR E ST AR, 098 AM JTRAF R G
R . Horprbut R4S 28 i BT S 4
AN 85 0 B e B AR R o K A S (AL
FIBSAR LR Z L, AR SR 7R I 28 25 4 vp i 2 222
P, AU EE>0.1 BT SRR OCHE T S (0
IS 25 2016) o [F] J5 1 A e 3R 28 4R 1 1% A AL
B SAAAE 0-1 ZI0l, SERFEIT 1 BLRASSHEN &L
FHACIRR B MR, SR AR, 5 ¢
WX AT, — MBI $>0.5 KPIRE
HH(BRBLEE 2015), LRI HFIRBI05E 1Y
B PRI R ZE A ST I BN BRARR
DRYGFERL, SEPUSmBL M, A9 FEMATCR
XRS5 2019),

2 BERERM

21 EAXETiEaH

19902020 #[a], AM EL B 57 4538 Y 3 SC
R BRI EE 1), R SR
E O AT 73 R R R B B (19902006 4F) Rtk
R BT BE(2007-2020 4E). 1990-2006 4E4E %
SCEAMEILE N 43-348 b, ZBHBET R T
TR RO IA A . Ao B . A s AR
YIXTT ) B 43 (LA R ) Bl . 2007 4F DL
JE IZ BRI 5T S PRI I H, 2019 F11 2020 4
K SCRAI IR 1209 F11 237 550 X FEEST
3N : — R AEY- R e R A o8
AT A AM LR S T B A ok B
A, —JEHEBRER XM AM BB RS IR
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JERYEENL M AM H I R 2R AT AR 15 PR EE 2T
Sy WEFENGIA PR 2 H CAE B I A 1% 1]
YA R AM O R TR A &
L I R RO I R TR A I B R B K
JEAEATHAD 2B ABFTE BT LUK AM BRI 24
AHHFTE R
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ErE S
Fig. 1 Temporal distribution of annual publications
on AM fungi from 1990 to 2020. CNKI: China
National Knowledge Infrastructure; WOS: Web of
Science.

T SCSCERTE X T TSR R 3 BB
K E1(1990-2000) . 3K HH(2001-2009) #1312
#1(2010-2020), 7EAEM, HE AM HEFT
M\ 1990 45 IR A0 B Beith A & TR B, 4Kk
SCiEEM O RN R 24 0, AEFRAR SCE 105 .
T A v B R 0% IR R 2 DA SRR S L T E Y
bk AM BN, PEFRITFHER
AM  ELTR WA P 5% o3 g ML . 2001 4R
B, SR SGIE SR, AR SCE 29 T
smEl 119 &, EHESCE 65 fE. xR
AM HRE MG EE LR, X 58 i
HHSTAFR IR B, 2010 LS EA B 8)
Wi AERSCHE 108-177 5, X—BFHIXT AM H
WS B G NESR . . TR
T B2 S 38 ) G R A S AT I . X o [ R
DX 35 R0 B 558 (191 A v S0 o L A DXL P B XLTD
X, WNEENEE, &EART R XK AM
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FUTR A A b O IR TS E g 0, TR] IR 7R 25 F 5
ARG A B U BT 7 1]

22 MARBEKER
2.2.1 RIMiFFEFBDH

FH CiteSpace H AR A 2 5 1 Ay B9
iz 2 B A I (burst detection) T fiE, X HF 5%
F2 TR ] N 8 R 1 I S U K RS A T R
DR S PR E Y < A D N ER 7 D e W)
VAR, B[R GG IR0 A5 21 41 F1 31 4SS0
HSCSCHERZE IR (R 1)

PSSR AR PR S B ERER B T
A5 RISV EE S N 3 MK
M EAHZ LB B A SR BN
19902005 4F, ZEHIATSTE BT A A B A
16 EH AM HIEIEA: 0 S E R AT Red
iR, ARG R RO A WA SRR, M
filF BRI BRI L, WM infection ({7
Ye)Fl spores (ff1)HA 5 S U0 T A K
IRFLEITR] . FHEEA T RE BRI AR v T4 1
PR EL R, BT phosphate (B2 Eh)
BAR SRR XA BRI, X ag
AR R AM HE AR Ra B B
B, B s B S AM BREES
SRS, X ARE BE S R r i 5T 3R
5 G R A e 2 [ R R R SR A SR
w42, [HIIE nitrogen fixation (ZL[# )l nodulation
(Z5988) B 3 Bt (] A 58 B3] o 39 1) e P o
VI Gigaspora margarita “h %, FrfE ELLGE
W) Trifolium subterraneum N ¥ . ZBHHIEES
SrRAHCHTIR], 140 morphology (JEZA4%),
classification (432%)#1 Glomale (BR#EE: H)SEH
ML, HPhEREER Glomus ZR I iR,
H—EFZ5 2007 4, X5 Glomus J&1E 1845 4
IR, BAELEENREZE AM ILHE#IH
ANZBA R (EYME 2012), NEEGF
Endogonaceae R ILREEK m, [Hi2 Hfpg s
2000 4, XZEEN 1989 4Rk v Bk PEF R
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Fz1 RMAEER
Table 1 Information of burst words

KR PSR FhetE A SEINAR FRgtE]
Keywords Burst strength Duration Keywords Burst strength Duration
Germination 22.73 1990-1999 PREEE 7.23 19942003
Infection 207.73 1990-2004 Bric s 6.63 1994-2007
Gigaspora margarita 30.41 1991-2004 FERIRN, 3.98 1998-2007
Spores 57.24 1991-2005 WETE SR 491 1999-2006
Nitrogen fixation 13.48 1991-2006 T2 4.45 2005-2010
Growth response 12.07 1991-2007 S 3.67 2007-2009
Phosphate 41.76 19912008 At 25 A 4.54 20072011
Nodulation 20.30 1991-2008 AR, 431 2007-2011
Morphology 20.30 1992-2003 Jit SR Ak 3.81 2008-2012
Glomus 42.84 1992-2007 Gkl 5.29 2009-2010
Classification 9.62 1993-1997 DA AR L 4.93 2009-2010
Trifolium subterraneum 22.19 1993-2005 P 3.7 2009-2011
External hyphae 97.73 1993-2006 S I 4.59 2010-2014
In vitro 32.78 1993-2007 BUE/(E 3.71 2013-2016
Phosphorus 30.68 1993-2007 WRIEE 4.64 2013-2017
Glomus mosseae 37.05 1994-2010 BREE R 4.85 2013-2020
Zea may 13.98 1995-2000 5P S 8.3 2016-2017
Transport 42.89 1996-2008 g5 9.6 2016-2020
Glomale 32.07 1997-2010 B fE 7.47 2016-2020
Medicago truncatula 5.45 2005-2020 2k 7.42 2016-2020
Tomato 17.68 2007-2011 THE M 7.22 2016-2020
Community structure 16.19 2008-2015 T5Wia 6.4 2016-2020
Field 16.69 20092012 Bz e 5.75 2016-2020
Ecosystem 21.69 20092018 13RS 5.59 2016-2020
Glomus intraradices 16.28 20102014 e Hp i 5.35 2016-2020
Grassland 21.03 2011-2015 HAVEH 4.45 2016-2020
Wheat 13.41 20122013 R 41 3.52 2016-2020
Functional diversity 16.77 20122014 EVIA=F 6.72 2017-2020
Nutrition 17.56 2012-2017 HYMER 4.58 2017-2020
Gene expression 23.40 2012-2020 EAN RIS 4.74 2018-2020
Glomeromycota 21.01 2014-2015 H Y 4.23 2018-2020
Molecular diversity 20.15 2014-2016

Stress 51.05 2015-2018

Fertilization 32.87 2015-2020

Land use 23.52 2016-2017

Yield 70.82 2016-2020

Microbial community 42.54 2016-2020

Forest 19.39 2016-2020

Drought 18.39 2016-2020

Heavy metal 32.25 2017-2020

Management 18.78 2017-2020

EMFIR 807
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Glomaceae J5, Endogonaceae [{ii FH 4 /b
FS R (EZhIMAE 2012), B3R R 5HLERF5T
RIEBIEEN 1993-2010 4, BLAT 2R
1A Z 7 (Brundrett er al. 1996), [RAES:#4%5
FRA, BT his I B IR TR R o =
I I 5% 73 1A 3R AF 90 T 22 A 35 3 i e R b A
A, E in vitro (B4K), external hyphae (#ME
W #2), transport (¥5i2), phosphorus ()55 B A
BRI, XK R AM I
W5 1A 3L A BB B oY R A T Rl T B
(Cassells et al. 1996; Declerck et al. 1998), %
B B A AT BB T RN Glomus mosseae A
BT I S ISR B RN A AR i ], X S
25 9 B HINRE R KA G, e 5 W B B
FEIFIET 2010 4F, % B oS Bl B A 1]
A yield (7). stress (i), heavy metal (E
4 J&). land use (LHBFIF)FI fertilization (fife
HE), BERTZBr B A AM A5
Xof S R A 1) 88 v i 7 e RN 3 BRI
(R 2 B 4 @ ) kBT . A 5 9 L o DA 1 32
Y AM B I ) B> ST AR DR 4 R
At microbial community (fZEYIREE )W AR
XAHrE SR BLIR] . XHE 3 AR 58 B iR L oy
BB, Bl R B 22 110 TR i S B R 2 000
MZH=25 W, Glomus intraradices . Medicago
truncatula Fll Gene expression (&K 1K) A5
A, RULZGUS A AE YLD T Bk
WA, PR ERA O, BREdE e
FAEYEER RS, s AM HEERR
I FHIEE (Wang et al. 2017; Xue & Wang 2020).
Xt R SCSCER R B 3 A K B, 1994 4F AT
IR PLR I . S SCOTERZE L, BFSE R
L AM R, I ERERE S Fpid sk
P AT fe i AR BLSR B, FOBNC SRR —1i—H
FRE %) 2007 4F, B X BB AE I NS B A BT
IRk ENXT AM E RN A5
T 1998-2007 4F, R R RN AT TS

808 EIFR

FENZBESE LA . M 2005 AETTIR, AM EH
Y A0 43 A7 PR AT R B, T AP R S
AM HAF R WHHER. Bk, 2005-2011
3 A B (1) B3 0 2% B R 245 43 A R A 1) 3 B
WSS IR . X AM ELETEA R Y
J5 TR A SR 2 2009-2015 4F, 1ZBY
BOA ZFEY), BIAnAI% . 8 JH A R OK R 5
BUAR) , [ B 2 BB A0 0N ) 4 bR O ) B
XA R R B . X5 2003 A E TR
HWE AR IRZE" (Bank of Glomeromycota in
China, BGO)W N A K, ZHIPEA KI5 25 35
FIF AP EE RN RN . M 2011 4F5E,
R T IR RIEA IR AT AM E X E &
FEYI B HEHT A VE T o I IR IR 2 1 1
T2Wria . Ebha . EAE . EEREYEEE
OB, BRI B — HAREL 2 A
2016 ALK, il s Oy Y A R AN e LA 1Y
R, DL AM BBV R AU dn R, XA
BRI T AM BETE KR A e VE i F
SO R I, DR TR 7 4540 22 ek S AR
RS
222 XKBEABEDH

AR SRS AT DL S e B E Y 7 ) Sz
5T ) G A, X6 R S SR G ) SR FH G
BRI DHLLRY M S 43 B A 9 S F 19 A4
RAEE 2). XN REHS, MARZERIE R
2% v ik AR [RIUF 5 1) 1Y) O S 3R] 9 41
(F 2, £ 3). TR IF MR,
TK#0 5 diversity (ZHEE). am fungi (AM
H). community (FE7%)5F 8, &7 E
B RARESRGE T AM HEBEE 2R
A, R s R R R AR, ISR
TEAS 225y J B o HE 23 0 B2 T 0 vl = T
A XIANF IR RSN B4 T AM LR BE
TR EE R AR A BT EOR BT f . SR2RH EAT
SRR WA E M Gigaspora margarita X H:
FERE I, AR IR0 5 9% (Tiwari & Adholeya
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Table 2 The list of keywords clustering in English articles

i RERN REE Sy RERE

ID Size Silhouette ~ Year  Label (LLR)

#0 52 0.660 1999  Diversity; am fungi; nitrogen; community; carbon; bacteria; identification; bioma;
dynamics; organic matter

#1 39 0.627 1992  Gigaspora margarita; host,; Glomus; photosynthesis; nitrogen fixation; germination;
in vitro; vegetation; clover; soil disturbance

#2 38 0.523 2000  Medicago truncatula; symbiosis; Glomus intraradices; tolerance; accumulation;
Glomus mosseae; stress; resistance; heavy metal; gene expression

#3 37 0.671 1993  Phosphorus; growth; colonization; inoculation; response; plant growth; nutrient
uptake; maize; yield; field

#4 28 0.811 1992  Plant; external hyphae; system; Endogonaceae; endophyte; Glomus fasciculatum; in
vitro; classification; tillage; taxonomic concept

#5 21 0.744 1993  Arbuscular mycorrhizal fungi; transport; Trifolium subterraneum; nodulation;
morphology; water relation; Zea may; citrus; nitrate; phosphorus nutrition

#6 19 0.801 1992  Rhizosphere; microorganism; population variation; quantification; enrichment;
biosynthesis; salinity; calcium oxalate; abscisic acid; hydraulic conductivity

#7 8 0.939 1990  N'; fixation; natural vegetation system; n transfer; ryegrass; sand dune; florida
coalwaste

#8 6 0.984 1990  Root; forest; ecology; Agropyron; environment; functional relationship

2002) . AT EHEYOEEEH (Mathur & B THUAEAEEE M2 A8, X FHubk L R R

Vyas 1995)3 (AHF5Y, H ETZF 2 5L 28007 1
SE/(Venice et al. 2020) R AE My K H 515
FAEYAH BAE PR R AW S 4R 25 . TR
2K#2 EEHIF T 0 N ERN AM L XY 0
Bt . HAh A H1E MY Medicago
truncatula MEF Glomus intraradices 5 Glomus
mosseae T EMIWIFTEZ . HAETHIRE Z KA
WEESE . TR W WA E R

R IRTY AM B VE ML B 2R 12 .
RAE#3, #5 FHT FELL AM HISHF XY A
KT BN 5 3, BRI AR Y F8 bR
plant growth (FE¥)A)F yield (™ 1t), 5N
T2 W R 32 1135 5 phosphorus (). nitrate
(MR £h) . nutrient uptake (FFWUY)FI n
transfer (R F518)% e FECHEIR . 72 AM HIH
SR R AT, N R AR A . B
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Table 3 The list of keywords clustering in Chinese articles

i RIS R Ay RIS

ID Size Silhouette Year Label (LLR)

#0 134 0.865 2005 MMERERER; 34y £t Wbr; TAE; 5B F5HS; ha; F5YR;
e B IA

#1 93 0.815 2006 AEKE; PiEE; TREUNE; KNE; MR BEELSSH; UTRUCEK; PLALEE;
BB mEh

# 89 0.858 2008 AR EhRA; WK, SCAVER; [BIFE; FRhD JERRE; B S SRR

#3 80 0.828 2006 ZREPE; RBRAE; 1R BT AWEE; MeEY; TIREGRIR; BEEYI
W5 ihg

#4 71 0.920 2007 HEHTF; BREEER; aSENAN; WA, LR, RO MY
B R, ke

#5 71 0.869 2006 HEAeJm; L RWETE; MWEBE; ERR0; BEE; WiMEE; T805Yy,
ZHI5E; HHHER

#6 70 0.880 2006 A WOBUESE; EREON; ERAFE; WE; L bubt; MEAER; buRk;
WK

#7 68 0.879 2004 RYLE; Wz WA BEEG WaAK, WMaAR; RYRE; JEEE; am
PR AL

#8 68 0.817 2006 Bk fRIRIENGE; MRAE; AFIdEAR; AALEE; WEARE; A MM, BN
AT

#9 59 0.869 2007 fFEERE; ARHEY; MR WARISHEY; 4HFR; et BUeR; B0 F
WA ; TR

#10 46 0.905 2007  KEff; FEPD; BUE; AT REARR; HRh; AR BUIXG R SRRk

#11 44 0.896 2003  BRIEFELE; Wric R BEERR; B0EE; MXTZRE; R BA; MRd)R;
PRIRAAE s P

#1234 0.962 2004 fEEREY; EEL MM pH; JGAHUR; HERE, MK @ SfLSE; A
ML

#1333 0.849 2006 MY, KE; =M XSGR, MeiEd; RER; ERM; #IE; A
Wl s e

#1432 0.921 2008 EWpE; EEM; HiE; S AR ARG SR AT
MDA; A=

#15 29 0.969 2005 REAR; RO AW B mEMGE; MYESR; BERE; &R Bkt
e ML

#16 25 0.959 2004 MM NFE AEECEE; RW vgE; bR SMERELZ; Ve, SR

#17 23 0.921 2003 RPREG KEPE; BN AAOEE; BATEEIR; MEJ1; ARG ABEESR; EHFE
18k, RYEETT

#1822 0.948 2011 T8 AEf; B B2 ABBE; B LA A% WENNE;

PrEEN

s M43 e A 5 2 F B (Miransari 2011), R28#4
F A T AM B3 22 A DGR,
N #EFFl Endogonaceae . classification (432%)
F taxonomic concept (7332 MER) . X AM 432K
G T WERSERER S0 FAEDFHEE T
TR, X AM E RS> e i X e
%1+ tDNA Ml ITS, i PCR SI¥HRKiTT &

810 EIFR

53 Re AR A H AR A Boal o b 3R 15
PHERR A SIS M . BRISH6 FI#S 1Y G B 1] 32 2L
W SR R P 558 B A8 W) A2 W 38 S5 2R BRAR bR Y AR
b, R AM B S R BR 1 I 7 2 (abscisic
acid)ik E S B T e, HE—BW R, &+
2 AM EEMEL F (Herrera-Medina et al.
2007), R FRBE R ¥ (hydraulic conductivity)A]
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DA AR AR 2R AE T 5 a8 T X K 3 1 I A
71, MR AM HE A GRIRZE T EXTR R B
175 2 K0H %20 (Sanchez-Romera et al. 2016).

HSc ek o, BRI ORI TG A
I, R—AGEAERGRIRA BAHL, 45,
#13. #15 FI#18 LUMMAMSE A T HASEBRE
hE, tREZHpEaE TR Ko, &
gy, EERE . ZHI5 R SRR —Fh g m
Fiy SR K AM ELE SRR N S LR T
WALERN; W95 7 MR Z A B X 48 15 s
RAAER AR X AESBRE ., Bk,
#6 FIH8 T TP MBI A THAEY A K A BRI BT
PR, Foh o R BB . o . W
. ERFMAAENMREZ, RS
ARBL . SEEVER . SRR RBTR M
FRA#3, #4, #9. #11 F#16 1) TR I 2 107
SMNRIAERGY, H#3 DIBEE ZREME SR 0 26
AHE, UFgrtE. LRSS BTMAE
45, #4 DITIEHNF ABRERREAEN T,
WG LR A, HIERSE. #11 1
SR LB AR A L R R TR SR N &
IR E Z A BREER R . Bid s A
B #9 Fi#l6 MIE T MRS AM HIF
51g B AR GLE A, b e £ . L
RN R R AR AR, A NERILR
PEEETE EAY, DA TR . M. R
FINECEEDE FEbr . TRE#T Fiw17 FEFIH =
IR BT A L . R 1E A
YA SRR, RELE A E IR
W TR 22 W e SR o AR T A
23 WMRFEHESH
2.3.1 MUEFHAAS T

XFAM RS 05 SCSCHR 22 ) 2 0L 1 [
RANEM L B (E 3). fEIRSR A 13 531 /% 3C
mke, fEECR A 67 NEZK, ARIERE A HER
JE, Bk SCRART 50 MER . AR RN
FREICH, TEEELXIRAERN, BE

@AM R R A TP O R . KR
Al 5 MEZRUCYEE . JE . fEE . B
PHBEA (B 3). o EEASCE 2396 5, H&
SRR 17.7%. FE . fEE. I EM
B EAA R TLE
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Fig. 3 The network of cooperation between
countries.

FIF CiteSpace H A Institution AT I fEZ:
il & SCHLR A VE RIS (B 4)F0 3228 XL HE
Fo XTI SCCHR & SCHRE>TS R SCOCER
RICE>15 PR IEP.OEHFER 4). Hrp
YESCCHRAPGO BERT 3 AR R BE (. &
Tigz), Hrhh EREEGEHEESS 12 7. (HAASC
HRE, PEPBEGEHEE A R SO HE
FP B, Ol R B IR PR A e AR b T
HIRMBL 2Bt Y & 52 5 R IR TS 6 A~
MR E>0.1, ZEEN AM BRI R
FwEAEH . WESCERE, WAt K amhh
BRI B AR K EE AR A P E AR RIS 4 4
PAN R SCIEER T 50 5, XTEN AM B R A CHE
FETTIRETR
232 FEHHSH

1990 4ELIK, AM HREAHCH R LR T
300 AN, Hod gl gl ik B m A
Mycorrhiza, New Phytologist 1 Plant and Soil 4§
(3% 5). New Phytologist 244 5 [ RN i X+
i, PR E T Mycorrhiza & SCE 5 o
BT AM HEE HIEHAEY N EEAR, Y
YRR EY], W gAY A ELEI T Soil
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H POk G EE>0.03 R R SCERH T I
15 VEE (3R 6)0 SESCSCHR A SCER AP B 407
Joi 5 — AR 8 A LA Y7 K Matthias C.
Rillig; Hii LHRIRBUM AR . £ 5 AR
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Table 4 Centrality and number of published papers of major institutions in Chinese and English

YESCHRALI P TG HSCCHRLIY b
Publishing institution Country (E3CE) Publishing institution of Chinese articles (R3CE)
of English articles Centrality (NP) Centrality (NP)
VU R RO Z ey PUBES 0.12 (458) AR A B PRI 2 B 0.16 (57)
CSIC Spain College of Resources and Environment,

China Agricultural University
K EL AL AT BT K 0.10 (178) JERTH MBS BEAR Y E IR S PR T 0.16 (45)
USDA ARS USA Institute of Plant Nutrition and Resources,

Beijing Academy of Agriculture and
Forestry Sciences

5 EZ A5 B % 0.10 (166) T AN KRR 0.11 (87)
INRA France Institute of Mycorrhizal Biotechnology,

Qingdao Agricultural University
PUIRICFIE K2 RAFIT. 0.05 (197) o ERpER R 0.11 (52)
Univ Western Australia Australia University of Chinese Academy of Sciences
R TR r=w Nl 0.05 (150) VUG B IR 2 e 0.11 (48)
Univ Turin Italy School of Resources and Environment,

Southwest University
FIRRKF JJIE-VN 0.04 (153) HERFEBE A B 0.11 (21)
Univ Guelph Canada Graduate School of Chinese Academy of Sciences
ERA R TE 2 A 2 A 0.04 (135) Hh k27 e g s LSS T 0.09 (30)
CNR Italy Nanjing Institute of Soil Sciences,

Chinese Academy of Sciences
SN WAFIE  0.04 (132) PRI R e ARz B 0.08 (37)
Univ Adelaide Australia School of Horticulture and Landscape

Architecture, Southwest University
IR K2 Bt 0.04 (108) TR Rk K2 b5t 0.07 (26)
Univ Basel Switzerland College of Agriculture, Henan University

of Science and Technology
[fEyNES Fig it 0.04 (96) PUACARAMTBEE K2R 2B 0.06 (49)
Lund Univ Sweden College of Forestry, Northwest A&F University
NN i3 XKH 0.04 (95) N ey S N e 0.06 (18)
Univ Calif Davis USA College of Forestry, Inner Mongolia

Agricultural University
rh E R 2B o 0.03 (585) R EEERZE AL ) MR S TAR2=RE 0.05 (33)
Chinese Acad Sci China School of Geoscience and Surveying

Engineering, China University of Mining
and Technology (Beijing)

FE o I ERl A B FEw 0.03 (157) o E R B A BT G 0.05 (26)
Acad Sci Czech Republ Czech Research Center for Eco-Environment,

Republic Chinese Academy of Sciences
g RAO SOl iR IR 0.03 (125) TR K 2GR 5 IR 2B 0.05 (24)
Agr & Agri Food Canada Canada College of Resources and Environment,

Yunnan Agricultural University

TN e [ 0.03(92) BN e S g e S 0.04 (139)
Univ York UK College of Life Sciences, Hebei University

NP: Number of published papers, the same below.
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Table 5 Top 10 journals publishing most papers on AMF

Fe eSO K el s T | o RICH
No. English journals  Records Total cited frequency  IF in 2020 | Chinese journals Records
1 Mycorrhiza 846 7618 3.069 2R 141
Acta Ecologica Sinica
2 New Phytologist 692 10 662 8.512 LU= 115
Mycosystema
3 Plantand Soil 635 8829 3.299 B HIA S 84
Chinese Journal of Applied Ecology
4 Soil Biology & 462 6459 5.795 dHEZ 68
Biochemistry Northern Horticulture
5 Applied Soil 395 3 855 3.187 T IR SR R 50
Ecology Journal of Plant Nutrition and Fertilizer
6 Biology and 227 3908 5.521 HERAARE 50
Fertility of Soils Chinese Journal of Ecology
7 Frontiers in 202 1308 4.402 (DERYESTE(H 42
Plant Science Microbiology
8 PLoS One 205 2534 2.740 VLAY AR 42
Acta Botanica Boreali-Occidentalia Sinica
9 Symbiosis 190 768 1.780 B2 37
Acta Prataculturae Sinica
10 Journal of 156 1096 1.132 Bl 37
Plant Nutrition Pratacultural Science
*ko6 FTEMEEMEAXEMFLE
Table 6 Centrality and number of published papers by chief authors
EacA (= % RICE U YE# RICHE HULE
No. Author Country NP Centrality | Author NP Centrality
1 Matthias C. Rillig FidEs| 121 0.05 AL 142 0.11
Germany He XL
2 Fritz Oehl Ffit: Switzerland 107 0.03 X ZE Lin RY 116 0.29
3 Qiangsheng Wu H1[E China 102 0.01 AR Li XL 69 0.33
4 Iver Jakobsen F}7& Denmark 68 0.04 HeARTN Bi YL 59 0.07
5 José-Miguel Barea PHHLA Spain 66 0.02 14 [# Feng G 53 0.06
6 Silvio Gianinazzi [ France 51 0.03 JEHH Tang M 52 0.07
7 Baodong Chen F[E China 48 0.02 XN AT Zhao LL 48 0.03
8 Paola Bonfante B KA Italy 44 0.02 F 4 Wang YS 43 0.15
9 Horst Vierheilig I 39 0.03 MR 40 0.11
Australia Lin XG
10 Yves Piché J#K Canada 37 0.02 LTI Wu QS 37 0.04
11 Concepcion Azcon-Aguilar — FHHLSF 36 0.04 i 34 0.09
Spain Yao Q
12 Joseph B. Morton ESJEs) 29 0.03 RIS 32 0.10
USA Chen BD
13 John C. Dodd JL[E UK 25 0.02 F % bl Wang FY 26 0.03
14 Pal Axel Olsson Fiidit Sweden 23 0.02 FKZEPR Zhang MQ 25 0.04
15 Ian R. Sanders it 18 0.02 LESTY 24 0.09
Switzerland Zhao B

814 EIFR
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Table 7 The cited frequency of papers on AMF in WOS database

(=2 T Ry SOk BT IHIK
Author Journal Year  Title Cited
frequency
Kriiger M New Phytologist 2012  Phylogenetic reference data for systematics and phylotaxonomy of 210
arbuscular mycorrhizal fungi from phylum to species level
Davison J Science 2015  Global assessment of arbuscular mycorrhizal fungus diversity reveals 197
very low endemism
Kiers ET Science 2011  Reciprocal rewards stabilize cooperation in the mycorrhizal symbiosis 193
Spatafora JW  Mycologia 2016 A phylum-level phylogenetic classification of zygomycete fungi 189
based on genome-scale data
Redecker D Mycorrhiza 2013  An evidence-based consensus for the classification of arbuscular 154
mycorrhizal fungi (Glomeromycota)
Parniske M Nature Reviews 2008  Arbuscular mycorrhiza: the mother of plant root endosymbioses 141
Microbiology
Smith SE Annual Review 2011  Roles of arbuscular mycorrhizas in plant nutrition and growth: new 136
of Plant Biology paradigms from cellular to ecosystem scales
van der Nature 1998  Mycorrhizal fungal diversity determines plant biodiversity, 135
Heijden MGA ecosystem variability and productivity
Schussler A Mycological 2001 A new fungal phylum, the Glomeromycota: phylogeny and evolution 135
Research
Opik M New Phytologist 2010  The online database MaarjAM reveals global and ecosystemic 125

distribution patterns in arbuscular mycorrhizal fungi (Glomeromycota)

3 REERE

JUE AM B AE 3 iz o040, (B 5
YA BXELA SRR, AR
A (Declerck et al. 1998; ZEBEAMANLE 2001).
A SCE HSCHk TR R s, AL CiteSpace 431l
%if WOS 1 CNKI $f i 19902020 4 Hh 3303
BRUEATAETT RT3, TR T AM FLIR SR
I SCHER B I AR AR AR L BF ST RO R R R
P BERMPMEGEML . o saf . &
BAEE AL AT HT o 98 SCSCHRTE 4F & SC i
I R By T A i R SOk . SR EE
() ST H R o BE 3R B AR 92 90 I Y S DT
BRo PBEZF . fEE . A KR WS E R L
F ) SCHk -t B BE A o B L R g S
BR A SCRAR TR, HIE PO BEEAR, Ui
Hh ] 9 SCSCHER AR BT R A R . X
U SCHRFIOC IR SE BRER G i B, AML HLTA

HRCAMELE . PENRFERE R
Z(Schiifler et al. 2001; Kriiger et al. 2012), 5
16 FAEY) A F 57 40 22 e L3 (Zavalloni et al.
2012; Chen et al. 2020; Jiang et al. 2021), KM
AP AR P RN R (T AR .
I T ) B HCHT (F & e FTbR S B¢ 2007 ; Wang
2017; Nouri et al. 2020; Liu et al. 2021)U\&'§
HoAh AR ) B A EL AR FH (Sharma & Sharma 2016
Hidri et al. 2019; Wang ef al. 2021), XEHFFE)T
TS SRAB A A TR A PRI -

1) X BRI S R R i oE . BT R
AAE] 10 Flr AM B E LB, FEAH)
A PRV X A A . oA R REAH G
PR A BRI LA AR . X BT 2 B A L R 4
FIMFANALEE RS AM ELEA 9 210 i A7 A [] B
P 22 06 2 19 43 BT 4 B n] S i At 5 o] — 1A
PRI BRI P iR AT R 4878 AM FLA 258 )7
IR
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2) Alb AR 2548 5 5 1 O BIL BT O K i
F o FEIPRA O TR e e A e 15 YL BRRE Y
EBBETTE, AM R Bis R LRGN L
T 3 JrHITE: O g A IRkas K
i IR R IE S R RE R ;
@it A 7 R TR IR E I RE (1 A oC
R WAL 2 )VE FIPLEIR A 53T s @i 45761
S I T 5 R 22 ] Ly BE T Bl PR 85 I (R 40 R
JE TR G R S ) RENE, AK
Wbk Alis AR BED) S AT AT 45

3) ML) R G E AT AM
FL 5 HAM A AR B OCR o 55 8 A L)
M3 ANZEIFE: OAM FLTE 5 oAb P AR FL T
(1 A T A i P9 A ECERT) A AR LG 3R B AR A
FIARBR BT IR 56 4, X5 IS Al LAAE 22 i iR
WRER A DA T @AM Hi 5 HAb
PEEYI(T AM NSEAE TR 2B E YD R B
1 5 28 MO g 32 5% 0 W e A A e bl I 4
®AM H -1 E-HAMEY) =F 73 WY 2 [y
AHE AR R

Bst: Boftde R R5e K F L+ A %455 Web of Science £&
B EFRF S LRE LN LT,
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